® 




Europaisches Patentamt 
European Patent Office 
Office europ£en des brevets 




© Publication number: 



0 441 516 B1 



EUROPEAN PATENT SPECIFICATION 



© Date of publication of patent specification: 29.03.95 © Int. CI. 8 : A61 M 29/00, A61 F 2/02 
© Application number: 91300661.5 



© Date of filing: 29.01.91 



© Inflatable stent 



CD 
LP 



© Priority: 08.02.90 US 477264 

© Date of publication of application: 
14.0&91 Bulletin 91/33 

© Publication of the grant of the patent: 
29.03,95 Bulletin 95/13 

© Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT U LU NL SE 

© References cited: 
DE-A- 3 823 060 
US-A- 4 580 568 
US-A- 4 768 507 



© Proprietor: HOWMEDICA INC. 
235 East 42nd Street 
New York 

New York 10017 (US) 

@ Inventor: Silvestrlnl, Thomas A. 
12, Naomi Lane 
East Lyme, 

Connecticut 06333 (US) 

© Representative: Wood, David John et al 
PFIZER LIMITED, 

Ramsgate Road 

Sandwich, 

Kent CT13 9NJ (GB) 



m 

0) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 



VQ. USSR 10/132,754 



1 



EP 0 441 516 B1 



2 



Description 

This invention relates generally to stents em- 
ployed to maintain in an open configuration a body 
lumen such as a duct or vessel, and in particular to 
stents having a hollow and inflatable wall. 

The employment of stents to maintain other- 
wise closed or occluded body lumens such as 
ducts or vessels, for example, in an open configu- 
ration is a well-recognized treatment procedure. 
Current commonly used stents include self-expand- 
ing stents as described in U.S. Patent No. 
4,655,771, for example, and stents which are ex- 
panded at the lumen site by a balloon which is 
inflated within the stent, in either case, the stents 
are usually constructed of metal, and therefore 
generally possess a degree of stiffness and a mini- 
mal pliability. 

It is therefore a primary object of the present 
invention to provide a stent having a wall which is 
soft and pliable upon insertion, but which has the 
capability to provide the proper magnitude of stiff- 
ness and rigidity after placement at the site of 
treatment. Another object of the present invention 
is to provide such a stent wherein at least a portion 
of its wall structure is a hollow and inflatable wall 
fabricated of a semi-permeable membrane. Yet an- 
other object of the present invention is to provide 
such a stent wherein the hollow wall has disposed 
therein a hydrophilic material capable of absorbing 
a liquid to thereby increase the volume of the 
material and consequently inflate the wall. Still an- 
other object of the present invention is to provide 
such a stent wherein the hydrophilic material has 
therewith a drug. These and other objects of the 
invention will become apparent throughout the fol- 
lowing description. 

The present invention is a stent for placement 
within a body lumen and comprising a wall struc- 
ture wherein at least a portion thereof is a hollow 
wall. The hollow wall has disposed therein a hydro- 
philic material which can be in the form of a gel, for 
example, which swells upon introduction of a liquid 
into the hollow wall to thereby achieve inflation 
thereof. The hollow wall with hydrophilic material 
therein is fabricated of a semi-permeable mem- 
brane whereby fluid from tissues surrounding the 
stent at the site of placement can pass through the 
membrane and swell the hydrophilic material to 
thereby inflate the wall. A therapeutic drug can be 
included with the hydrophilic material for release 
through the membrane at the site of stent place- 
ment. Examples of body lumens wherein a stent of 
the present invention can be employed include, but 
not necessarily limited to, arteries, veins, urethral 
and ureteral ducts, biliary, hepatic and pancreatic 
ducts, bronchial, esophageal and bowel sections, 
sperm and fallopian ducts, eustachian tubes and 



lacrimal ducts. The entire wall structure of the stent 
can be a hollow wall, or the wall structure can 
incorporate both hollow and non-hollow portions 
such as hollow and solid fibers which are held 
5 together by being braided, woven or wound to- 
gether. 

The present invention according to claim 1 
provides a stent which, when placed and subse- 
quently inflated, supports a lumen, yet, because 
70 the stent can be delivered to its site in a non- 
inflated configuration, also provides consequent 
compact size during delivery to enhance placement 
within a lumen. 

Presently preferred embodiments of the inven- 
ts tion are illustrated in the accompanying drawings in 
which: 

Fig. 1 is a perspective view of a tubular stent, 
partially in section, whose entire wall structure is 
a hollow wall comprising an inflation balloon; 

20 Fig. 2 is an elevation view of a second embodi- 
ment of a tubular stent, partially in section, 
whose entire wall structure is a hollow wall com- 
prising braided inflatable fibers; 
Fig. 3 is an elevation view of a third embodiment 

25 of a tubular stent, partially in section, whose wall 
structure comprises a hollow wall portion of in- 
flatable fibers and a solid wall portion of solid 
fibers, with both hollow and solid fibers braided 
together; and 

30 Fig. 4 is a perspective view of a fourth embodi- 
ment of a stent, partially in section, whose entire 
wall structure is a hollow wall comprising an 
inflatable spiral. 

Referring to Fig. 1, a tubular stent 10 for place- 

35 ment within a body lumen is illustrated. The entire 
wall structure of the stent 10 is a hollow and 
inflatable wall 12 comprising a balloon 18 having a 
plurality of radial openings 16 therethrough to facili- 
tate tissue ingrowth when the stent 10 is in place 

40 within a body lumen. The wall 12 is fabricated of a 
semi-permeable membrane whose construction is 
exemplified by polymers that can be formed into 
semi-permeable membranes as known in the art 
and capable of withstanding suitable inflation pres- 

45 sure. Non-limiting examples include polyamides, 
polyesters, polyurethanes, and ethylene vinyl al- 
cohol. The stent 10 has disposed within its hollow 
wall 12 a hydrophilic material 32 which is capable 
of absorbing or attracting a liquid via osmotic dilu- 

50 tion to thereby increase the volume of or pressure 
exerted by material 32. This hydrophilic material 32 
can be any bio-compatible agent that will drive an 
osmotic pressure. Examples include, but are not 
limited to, inorganic salts, organic salts, sugars, 

55 poly saccharides, polymeric hydrogels, or am- 
photeric molecules. One preferred material is a 
hydrogel such as polyvinyl alcohol. 



3 



EP 0 441 516 B1 



4 



In use, the stent 10 is first positioned in a non- 
inflated state at the desired site within the body 
lumen by usual and appropriate delivery means 
such as an appropriately-sized catheter (not 
shown). This position is maintained by the delivery 5 
means at the site of desired placement for a period 
of time sufficient to permit the diffusion of an 
adequate amount of surrounding tissue fluids into 
the wall 12 to thereby swell the hydrophilic material 
32 and inflate the stent 10 so that it independently 10 
remains in place by impinging on the interior lumen 
wall. Of course, the semi-permeable membrane 
employed to fabricate the wall 12 must be of 
sufficient strength to resist rupture from the pres- 
sure there within created by the expanded hydro- is 
philic material. Ingrowth of tissue eventually occurs 
through the radial openings 16. 

The stent 10 can also be employed as a time- 
release drug delivery device. In particular, a drug 
can be disposed with the hydrophilic material 32, 20 
either as a separate component or blended there- 
with. The drug then will be released into the sur- 
rounding tissues through the semi-permeable 
membrane over a period of time. Of course, the 
drug so included is provided in an appropriate 25 
concentration, and may be with a carrier as neces- 
sary, to achieve the release rate desired. Addition- 
ally, the molecular weight of the drug should be 
lower than that of the hydrophilic material. One 
example of such a drug is piroxicam, commercially 30 
available as Feldene, manufactured by Pfizer Inc., 
New York, New York, present in an amount of 
about 20 to 500 mg per stent. The drug can be a 
separate component, or it can be included within 
the hydrophilic material by mixing it with or dissolv- 35 
ing it into a solution of the hydrophilic material 32 
for subsequent timed-release from the stent 10 for 
therapeutic efficacy. Of course, different drugs can 
be employed for different stent applications. Non- 
limiting examples of such drugs include anti-throm- 40 
bic drugs for cardiovascular applications, anti-cal- 
cification drugs for urinary treatment, and anti-in- 
flammatory or growth suppressing drugs for sup- 
pression of biologic response to stenting or balloon 
angioplasty. 45 

The stent 10 can be constructed by providing 
two concentric tubular membranes whereby the 
inner surface of the outer membrane and the outer 
surface of the inner membrane define the inner wall 
surfaces of the hollow structure. Gel is introduced 50 
between the two membranes, after which a mem- 
brane sealing process as known in the art seals the 
ends of the stent 10 and concurrently cuts and 
seats the radial openings 1 6. 

Fig. 2 illustrates a second embodiment of a 55 
tubular stent 20 for placement within a body lumen. 
The entire wall structure of the stent 20 is a hollow 
and inflatable wall 24 comprising a plurality of 



braided hollow fibers 26. While substantially the 
entire wall structure can comprise a plurality of 
braided hollow fibers 26 as shown in Rg. 2, a 
tubular stent 40 as illustrated in Fig. 3 can be 
constructed so that only a portion of the wall 44 
comprises hollow fibers 26. Thus the hollow fibers 
26 of the stent 40 are braided with solid fibers 28. 
A plurality of radial openings 29 extend through the 
respective walls 24, 44 to facilitate tissue ingrowth 
when a stent 20, 40 is in place within a body 
lumen. As with the balloon 18 of the stent 10 
shown in Fig. 1, the hollow fibers 26 of the stent 
20, 40 are fabricated of a semi-permeable mem- 
brane whose construction is exemplified by poly- 
mers that can be formed into semi-permeable 
membranes as known in the art. Non-limiting exam- 
ples likewise include polyamides, polyesters, 
polyurethanes, and ethylene vinyl alcohol. The hol- 
low fibers 26 have disposed therein a hydrophilic 
material, as described above in relation to Fig. 1, 
which is capable of absorbing a liquid to thereby 
increase the volume of the material and accomplish 
its inflation of the fibers 26. Also, as earlier de- 
scribed, the hydrophilic material can have therewith 
a drug which will be released into the surrounding 
tissues through the semi-permeable membrane of 
the fibers 26 over a period of time. 

The stent 20, 40 is positioned as described 
above in relation to Fig. 1 at its desired site within 
the lumen. Likewise, this position is maintained by 
the delivery means at the site of desired placement 
for a period of time sufficient to permit the diffusion 
of an adequate amount of surrounding tissue fluids 
into the fibers 26 to thereby swell the hydrophilic 
material and inflate the stent 20, 40 so that it 
independently remains in place by impinging on 
the interior lumen wall. Of course, the semi-per- 
meable membrane employed to fabricate the hol- 
low fibers 26 must be of sufficient strength to resist 
rupture from the pressure there within created by 
the expanded hydrophilic material. Tissue ingrowth 
occurs through the radial openings 29. 

One manner of constructing the stents 20, here 
described can be employment of solvent casting 
techniques as known in the art. Thus, for example, 
an appropriately-shaped die is provided whereby a 
solution of a polymer is pumped from one portion 
of the die to form a hollow wall. Simultaneously, a 
hydrophilic material such as a gel is pumped from 
another portion of the die central to the polymer 
solution. When the polymer solution and gel reach 
a coagulation bath provided in such solvent cast- 
ing, the gel is surrounded by the polymer as the 
structure becomes set. Alternatively, of course, the 
gel can be added under pressure into a length of 
fiber after which the fiber end is sealed. 

Rg. 4 illustrates a fourth embodiment of a stent 
50 whose entire wall structure is a hollow wall 52. 
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In particular, the stent 50 has a hollow and inflat- 
able wall 52 comprising a balloon 54 having a 
spiral configuration when inflated as shown, yet can 
be delivered to a site within a lumen in a non- 
inflated, straightened configuration. As with the 
stents described in Figs. 1-4, the wall 52 of the 
stent 50 is fabricated of a semi-permeable mem- 
brane whose construction is exemplified by poly- 
mers that can be formed into semi-permeable 
membranes as known in the art. Non-limiting exam- 
ples likewise include polyamides, polyesters, 
polyurethanes, and ethylene vinyl alcohol. The wall 
52 has disposed therein a hydrophilic material, as 
described above in relation to Fig. 1, which is 
capable of absorbing a liquid to thereby increase 
the volume of the material and accomplish inflation. 
At least a portion of the wall 52 can be reinforced 
with a fiber reinforcement 56 such as a polyester, 
nylon, or polypropylene, and preferably a polyes- 
ter. One manner of providing the reinforcement 56 
to the wall 52 during manufacture is to braid fibers 
around the structure and then apply an overcoat of 
the semi-permeable membrane. Such reinforce- 
ment, of course, provides a greater strength to the 
stent 50. 

The hollow wall 52 has disposed therein the 
hydrophilic material, and the stent 50 is positioned 
as described above in relation to Figs. 1-3 at its 
desired site within the lumen. This position is main- 
tained by the delivery means at the site of desired 
placement for a period of time sufficient to permit 
the diffusion of an adequate amount of surrounding 
tissue fluids into the wall 52 to thereby swell the 
hydrophilic material and inflate the stent 50 so that 
it assumes its spiral configuration and indepen- 
dently remains in place by impinging on the interior 
lumen wall. Of course, the semi-permeable mem- 
brane employed to fabricate the inflatable wall 52 
must be of sufficient strength to resist rupture from 
the pressure there within created by the expanded 
hydrophilic material. 

The stent 50 shown in Fig. 4 can also be 
employed as a time-release drug delivery device. 
In particular, a drug can be disposed with the 
hydrophilic material as described above within the 
wall 52, and will be released into the surrounding 
tissues through the semi-permeable wall structure 
over a period of time. 

Claims 

1. A stent for placement within a body lumen, the 
stent comprising a wall structure wherein at 
least a portion thereof is a hollow wall (12), 
characterized in that the hollow wall (12) is 
fabricated from a semi-permeable membrane. 



2. A stent as claimed in claim 1 wherein the 
hollow wall (12) has disposed therein a hydro- 
philic material (32) capable of absorbing a liq- 
uid to thereby increase the volume of said 

5 material. 

3. A stent as claimed in claim 2 wherein the 
hydrophilic material (32) is a gel. 

70 4. A stent (10) as claimed in claim 2 wherein the 
configuration thereof is tubular. 

5- A stent (10) as claimed in claim 4 wherein the 
hollow wall (12) comprises a balloon (18). 

75 

6. A stent (10) as claimed in claim 5 wherein the 
hollow wall (12) has a plurality of radial open- 
ings (16) therethrough. 

20 7. A stent (10) as claimed in claim 2 wherein the 
hollow wall (12) has a plurality of radial open- 
ings (16) therethrough. 

8. A stent (20) as claimed in claim 2 wherein the 
25 hollow wall (24) comprises hollow fibers (26) 

held together by being braided, woven or 
wound together. 

9. A stent (40) as claimed in claim 8 wherein the 
30 wall structure additionally comprises solid fi- 
bers (28) held together with the hollow fibers 
(26) by being braided, woven or wound to- 
gether. 

35 10. A stent as claimed in claim 2 wherein the 
hydrophilic material (32) has disposed there- 
with a drug. 

11. A stent as claimed in claim 10 wherein the 
40 hydrophilic material (32) is a gel. 

12. A stent (10) as claimed in claim 10 wherein the 
hollow wall (12) comprises a balloon (18). 

45 13. A stent (20) as claimed in claim 10 wherein the 
hollow wall (24) comprises hollow fibers (26) 
held together by being braided, woven or 
wound together. 

so 14. A stent (40) as claimed in claim 13 wherein the 
wall structure additionally comprises solid fi- 
bers (28) held together with the hollow fibers 
(26) by being braided, woven or wound to- 
gether. 

55 

15. A stent (50) as claimed in claim 2 wherein the 
configuration thereof when inflated is a spiral. 
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16. A stent (50) as claimed in claim 15 wherein the 
hollow wall (52) comprises a balloon (54). 

17. A stent (50) as claimed in claim 16 wherein at 
least a portion of the hollow wall (52) is re- 
inforced. 

18. A stent (50) as claimed in claim 15 wherein the 
hydrophilic material (32) is a gel. 

19. A stent (50) as claimed in claim 18 wherein the 
hydrophilic material (32) has disposed there- 
with a drug. 

PatentansprtJche 

1. Dilatator bzw. Einspreizkorper zur Positionie- 
rung innerhalb eines Korperlumens, der eine 
Wandstruktur umfafit, bei der mindestens ein 
Teil derselben eine hohle Wand (12) ist, da- 
durch gekennzeichnet, dafl die hohle Wand 
(12) aus einer semipermeablen Membran her- 
gestellt ist. 

2. Einspreizkorper nach Anspruch 1, bei dem in 
der hohlen Wand (12) ein hydrophiles Material 
(32) angeordnet ist, das eine Flussigkeit absor- 
bieren kann, um dadurch das Volumen des 
Materials zu erhohen. 

3. Einspreizkorper nach Anspruch 2, bei dem das 
hydrophile Material (32) ein Gel ist. 

4. Einspreizkorper (10) nach Anspruch 2, bei 
dem dessen Konfiguration rohrenformig ist. 

5. Einspreizkorper (10) nach Anspruch 4, bei 
dem die hohle Wand (12) einen Ballon (18) 
umfafit. 

6. Einspreizkorper (10) nach Anspruch 5, bei 
dem die hohle Wand (12) eine Vielzahl hin- 
durchgehender radialer Offnungen (16) auf- 
weist. 

7. Einspreizkorper (10) nach Anspruch 2, bei 
dem die hohle Wand (12) eine Vielzahl hin- 
durchgehender radialer Offnungen (16) auf- 
weist. 

a Einspreizkorper (20) nach Anspruch 2, bei 
dem die hohle Wand (24) hohle Fasem (26) 
umfafit, die durch Verflechten, Verweben oder 
Zusammenwickeln zusammengehalten sind. 

9. Einspreizkorper (40) nach Anspruch 8, bei 
dem die Wandstruktur zusatzlich kompakte Fa- 
sern (28) umfaBt, die mit den hohlen Fasern 



(26) durch Verflechten, Verweben oder Zusam- 
menwickeln zusammengehalten sind. 

10. Einspreizkorper nach Anspruch 2, bei dem mit 
5 dem hydrophilen Material (32) ein Arzneimittel 

angeordnet ist. 

11. Einspreizkorper nach Anspruch 10, bei dem 
das hydrophile Material (32) ein Gel ist. 

70 

12. Einspreizkorper (10) nach Anspruch 10, bei 
dem die hohle Wand (12) einen Ballon (18) 
umfaBt. 

75 13. Einspreizkorper (20) nach Anspruch 10, bei 
dem die hohle Wand (24) hohle Fasern (26) 
umfafit, die durch Verflechten. Verweben oder 
Zusammenwickeln zusammengehaltn sind. 

20 14. Einspreizkorper (40) nach Anspruch 13, bei 
dem die Wandstruktur zusatzlich kompakte Fa- 
sem (28) umfafit, die mit den hohlen Fasern 
(26) durch Verflechten, Verwerben oder Zu- 
sammenwickeln zusammengehalten sind. 

25 

15. Einspreizkorper (50) nach Anspruch 2, bei 
dem dessen Konfiguration nach dem Aufblasen 
eine Spirale ist. 

30 16. Einspreizkorper (50) nach Anspruch 15, bei 
dem die hohle Wand (52) einen Ballon (54) 
umfaBt. 

17. Einspreizkorper (50) nach Anspruch 16, bei 
35 dem mindestens ein Teil der hohlen Wand (52) 

verstarkt ist. 

18. Einspreizkorper (50) nach Anspruch 15, bei 
dem das hydrophile Material (32) ein Gel ist. 

40 

19. Einspreizkorper (50) nach Anspruch 18, bei 
dem mit dem hydrophilen Material (32) ein 
Arzneimittel angeordnet ist. 

45 Revendications 

1. Dilatateur destine a etre place dans un passa- 
ge corporel, le dilatateur ayant une structure 
de paroi dont au moins une partie est une 

so cloison creuse (12), caract6ris6 en ce que la 

cloison creuse (12) est rSalisee a Paide d'une 
membrane semi-permeable. 

2. Dilatateur selon la revendication 1, dans lequel 
55 une mati&re hydrophile (32) plac£e dans la 

cloison creuse (12) est capable d'absorber un 
liquide afin de provoquer ('augmentation du 
volume de ladite matiere. 
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3. Oilatateur selon la revendication 2, dans lequel 
la matiere hydrophile (32) est un gel. 

4. Dilatateur (10) selon la revendication 2, dont la 
conformation est tubulaire. 

5. Dilatateur (10) selon la revendication 4, dans 
lequel la cloison creuse (12) consiste en un 
ballonnet (18). 

6. Dilatateur (10) selon la revendication 5, dans 
lequel la cloison creuse (12) est traverses de 
multiples trous radiaux (16). 

7. Dilatateur (10) selon la revendication 2, dans 
lequel la cloison creuse (12) est traversee de 
multiples trous radiaux (16). 

8. Dilatateur (20) selon la revendication 2, dans 
lequel la cloison creuse (24) comprend des 
fibres creuses (26) qui sont assemblies par 
tressage, tissage ou enroulement les unes sur 
les autres. 

9. Dilatateur (40) selon la revendication 8, dans 
lequel la structure de la paroi comprend de 
plus des fibres pleines (28) assemblies avec 
les fibres creuses (26), par tressage, tissage 
ou enroulement les unes sur les autres. 

10. Dilatateur selon la revendication 2, dans lequel 
un medicament est place* dans la matiere hy- 
drophile (32). 

11. Dilatateur selon la revendication 10, dans le- 
quel la matiere hydrophile (32) est un gel. 

12. Dilatateur (10) selon la revendication 10, dans 
lequel la cloison creuse (12) consiste en un 
ballonnet (18). 

13. Dilatateur (20) selon la revendication 10, dans 
lequel la cloison creuse (24) consiste en des 
fibres creuses (26) assemblies par tressage, 
tissage ou enroulement les unes sur les autres. 

14. Dilatateur (40) selon la revendication 13, dans 
lequel la structure de la cloison comprend en 
plus des fibres pleines (28) assemblies avec 
les fibres creuses (26) par tressage, tissage ou 
enroulement les unes sur les autres. 

15. Dilatateur (50) selon la revendication 2, dont la 
forme est hilicoTdale apris gonflage. 

16. Dilatateur (50) selon la revendication 15, dans 
lequel la cloison creuse (52) consiste en un 
ballonnet (54). 



17. Dilatateur (50) selon la revendication 16, dans 
lequel au moins une partie de la cloison creu- 
se (52) est armie. 

5 18. Dilatateur (50) selon la revendication 15, dans 
lequel la matiere hydrophile (32) est un gel. 

19. Dilatateur (50) selon la revendication 18, dans 
lequel un midicament est associi a la matiere 
w hydrophile (32). 
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